TITLE: METHODS AND FORMULATIONS USEFUL FOR LOWERING THE 

CHOLESTEROL CONTENT OF EGG YOLK 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims benefit under 35 U.S.C. § 119(e) of provisional application 
60/409,469 filed September 10, 2002. 

BACKGROUND OF THE INVENTION 

This invention relates generally to a method for lowering the cholesterol content of 
an egg yolk. This invention also relates generally to a method comprising feeding an egg 
laying fowl a feed which enables the fowl to lay an egg having lower cholesterol content. 

Elevated serum cholesterol is a major risk factor for human coronary heart disease, 
the leading cause of death and medical expenditure in the United States. The National 
Cholesterol Education Program defines ideal serum total cholesterol as a value less than 
200 mg/dL, levels between 200-200 mg/dL as borderline high and levels above 200 mg/dL 
as high. 

Since high intake of dietary cholesterol has been identified as a factor that 

contributes to elevated serum cholesterol, the National Cholesterol Education Program 

recommends Therapeutic Lifestyle Changes that include the reduction of consumption of 

cholesterol to 200 mg per day (National Cholesterol Education Program (2001) JAMA 285, 

2086). Based on this recommendation, the intake of certain foods must be closely 

monitored. For example, a single large egg (59 grams) contains about 300 mg of 

cholesterol, so that its dietary consumption would provide an excess of the recommended 

daily amount [Alpers, D.H., Stenson, W.F. and Bier, D.M. (1995) Manual of Nutritional 
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Therapies, Liftle Brown and Company, 3" edition, Boston, MA p. 470]. Because of t he 
risk factor assoeiared with elevated cholesterol, human egg consumption has decreased 
over ,he years even though this food contains a number of beneficial nutrients. 

Numerous strategies have been proposed for reducing the cholesterol content of 
5 eggs in order to maintain their nutritional benefit white a, the same time lowering their 
potential contribution to the nsk of heart disease. These strategies rely on chemical or 
Physical means to remove cholesterol from the yolk portion of the egg. For example, a 
variety of organic solvent extraction methods (dimethyl ether) have been described [Yano 
« al., U.S. Patent 4,069,35!; Yano e, al., U.S. Patent 434,6,9], These processes am 
10 chamcterized by the use of environmentally hazardous solvents tha, am no, healthy for 
human consumption in foodstuffs. Alternatively, physical methods such as centrifugation 
are lengthy, expensive and time consuming [Nath & Newbold, U.S. Patent 3,958,034; 
Bracco & Viret, U.S. Paten, 4,333,959]. There have also been reports tha, describe high- 
pressure extinction of egg yolk cholestere.1 i„,„ veg e, a hle oi, followed by ,he isolation of 
15 the cholesterol for industrial use [Zeidler, U.S. Patent 5,468,511]. 

To avoid all these manipulations, i. would be of great advantage to have a 
procedure tha, lowered me cholestero! content of egg by the addition of a sui,ab,e agent Co 



feed. 



For over fifty years, plan, sterols have been recognized as agents ma, lower the 
20 absotption of cholesterol and the level of IDI^holesterol in humans. Unless otherwise 
noted, throughou, this paten,, plan, sterol will refer ,o all chemical forms, i.e. srtosterol, 
campesterol, hrassicasterol, ete„ their reduced counterparts and ,heir esters with long chain 
fa,,y acids. Based on ,h,s observation, ,hese naturally-occuning compounds have been 
added ,o chicken feed as a stiategy ,o lower emulating cholesterol levels in laying hens 



and thereby alter the cholesterol content in yolk. In initial work, when chickens were fed 
2% and 4% sitosterol that had been emulsified with carboxymethyl cellulose, there was a 
significant reduction in cholesterol and total sterol content of the egg. Moreover, this 
feeding strategy also increased the level of egg yolk sitosterol, presumably by increasing 
5 the bioavailability of the emulsified plant sterol in the chicken feed [Clarenburg et al. 
(1971), J. Nutr. 101, 289]. These positive results are in contrast to other studies in which 
the same emulsification system was used, but with little or no effect. For example, when 
hens were fed 4% plant sterols emulsified with carboxymethyl cellulose and alcohol, there 
was little effect on the egg cholesterol content, a result that is similar to that found when 
) unemulsified plant sterols were added to chicken feed [Kudchodkar et al. (1976), /. Nutr. 
106, 1629; Weiss et al. (1967) J. Nutr. 91,119]. Based on a review of all these studies, 
Naber concluded that "dietary plant sterols and fiber may moderate egg cholesterol 
deposition but the conditions under which this takes place are not well defined" [Naber 
(1983) Fed. Proc. 42, 2086]. 

In another approach, low phytate phosphorous feed has been shown to reduce 
cholesterol in animals and specifically in the eggs produced by hens that consume such 
feed. Based on this observation, it has been proposed that low cholesterol containing eggs 
can be produced by feeding chickens a diet that contains corn that has been genetically 
modified to contain low phytate [Stilborn et al., U.S. Patent 6,391,348]. 

In recognition that "it is extremely difficult to reduce egg cholesterol levels to any 
great extent by dietary means," Elkin and Rogler used pharmacological agents as a 
potential new approach for altering avian egg yolk concentration [Elkin & Rogler (1990) J. 
ofAgric. Food Chem. 38, 1635]. In a series of feeding studies, they demonstrated that 
inhibition of the rate-limiting enzyme of the hepatic cholesterol biosynthetic pathway (3- 



hydroxy-3-methylglutaryl-coenzyme A reductase) altered the cholesterol content of eggs. 

Thus, hens fed 0.0265% lovastatin for 35 days produced eggs that contained 15% less 

cholesterol than those from hens that received only a corn-soybean diet. Even though this 

methodology demonstrated that manipulating biochemical pathways could alter the 

cholesterol content of eggs, its utility has been questioned because of the high expense of 

these inhibitors and the possibility that their metabolites may be found in eggs. 

None of the above mentioned technologies have resulted in a practical, useful, and 

commercially acceptable feed additive for lowering egg cholesterol. 

Recently, long chain primary aliphatic alcohols (polycosanols), components of 

sugar cane wax, beeswax and rice bran wax have been reported to lower serum cholesterol 

in rodents, dogs, monkeys, swine and chickens, and their effect in humans has been 

reviewed [Gouni-Berthold & Berthold (2002) Am. Heart J. 143, 356]. While the 

pharmacology of these compounds is not known, it is generally believed that their 

biological activity is based on their ability to inhibit hepatic cholesterol biosynthesis at 

some point in the HMG CoA reductase pathway. Because of this biological activity, it has 

been proposed to mix these alcohols with plant sterols and stanols to produce a supplement 

that can reduce human cholesterol by two different mechanisms of action [Sorkin (2001), 

U.S. Patent 6,197,832]. Thus, human LDL-cholesterol can be lowered by polycosanols 

that inhibit cholesterol synthesis and plant sterols that block small intestinal cholesterol 

absorption. However, aliphatic long chain alcohols and plant sterols and stanols are 

virtually insoluble in water and, as a result, their simple combination may not result in 

enhanced cholesterol lowering. Indeed, it has been shown that proper formulation is 

required to enhance bioavailability of sterols and stanols [Ostlund (1999), U.S. Patent 

5,932,562]. It is also not predictable from a test that shows lower blood serum cholesterol 
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levels that egg yolk levels of cholesterol will necessarily also be lowered. This is evident 
from the art here discussed. 

Wax esters have the general formula R,COOR 2 , and they are composed of moieties 
derived from long chain fatty acids (RjCOOH) and long chain alcohols (R 2 OH), called 
5 polycosanols. Here R, and R 2 are C20 or greater. The wax component may contain 
polycosanols, but the majority of this component is present in the esterified form. 
Polycosanols can be routinely isolated in good yield by simple modification of the standard 
textbook saponification used for all lipid esters [Kates, M. "Techniques of Lipidology," 
1986, 2nd revised edition, R.H. Burdon and P.H. van Knippenberg, eds., Elsevier, New 
10 York, NY, pp 125-127; Granja, et al. (1997) U.S. Patent 5,663,156; Perez, P. (2001) U.S. 
Patent 6,225,354]. Following these procedures, it has been found that the alcohol 
component of wax esters has a carbon chain length that varies from source to source. 
Thus, the major component in beeswax and rice bran wax is octacosanol (C 28 H 58 0) while 
triacontanol (CsoIfeO) is the predominant alcohol in rice bran wax. For the discussion 
here, the term polycosanol will refer to an alcohol or ester derived therefrom with a chain 
length greater than twenty carbons. 

A primary object of the current invention is to extend the use of polycosanols, 
either in their free form or as a chemical derivative, as feed additives to alter the cholesterol 
content of eggs. Without being bound by theory, it is believed that the addition of these 
naturally-occurring long chain alcohols to conventional chicken feed inhibits hepatic 
cholesterol synthesis thereby lowering the level of cholesterol in the hen's circulatory 
system. Because there is less available circulating cholesterol in the chicken, it is believed 
that the chicken egg yolk produced from a chicken consuming polycosanol or its 

derivatives will contain less cholesterol. It is surprising this works because it is not self 
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evident that the polycosanols are palatable to poultry or that they would, in fact, lower 
cholesterol. 



BRIEF SUMMARY OF THE INVENTION 

Briefly, this invention comprises feeding an egg laying fowl a feed 
containing a cholesterol lowering effective amount of wax derived from a suitable plant, 
animal or marine source, and/or its long chain (C 20 or greater) aliphatic alcohol 
components. In one preferred embodiment, this method comprises having the egg laying 
fowl consume a feed containing oil (soybean, canola, rapeseed, corn and the like) that has 
been fortified by the addition of a wax derived from a suitable plant, animal or marine 
source, and/or its long chain (C 20 or greater) aliphatic alcohol components. In another 
embodiment this method comprises feeding and having the egg laying fowl consume a 
composition which is a solid, but in water dispersible form which comprises an aqueous 
homogeneous micellar mix of a plant sterol, lecithin and a crude un-fractionated wax, 
derived from a suitable plant, animal or marine source, which combination has been dried 
to a finely divided water dispersible solid wherein the weight ratio of lecithin to the 
combination of plant sterol and crude un-fractionated wax may vary from about 0.45 to 
about 100.0. In yet another embodiment this method comprises feeding an egg laying fowl 
and having the egg laying fowl consume a composition which is a solid, but in water 
dispersible form which comprises an aqueous homogeneous micellar mix of a plant sterol, 
lecithin and a mixture of aliphatic long chain alcohols (C 20 or greater), derived from the 
wax from a suitable plant, animal or marine source, in which the combination has been 
dried to a finely divided water dispersible solid wherein the weight ratio of lecithin to the 
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combination of plant sterol and aliphatic long chain alcohols may vary from about 0.45 to 
about 100.0. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A method is provided that allows an egg laying fowl such as a laying hen to lay an 
egg that contains less cholesterol than it normally would. 

The method of this invention is pertinent to species that lay eggs which are 
consumed by humans. As used herein, the term "fowl" includes chickens, ducks, geese, 
guinea fowl, peafowl, pigeons, ostriches, turkeys and members of the order Galliformes. 
The additives described herein can easily be incorporated in an effective amount into the 
diet of the aforementioned species of egg laying fowl to provide (by laying) a 
corresponding edible egg with a yolk having lowered cholesterol content. While some 
embodiments are described with respect to chickens and hens, it is intended that that 
description applies to edible egg laying fowl in general. 

Importantly, the methods described herein use conventional feed normally used for 
egg laying fowl to provide a nutritionally balanced diet, and do so without adversely 
effecting payability. Typically, egg-laying fowl such as a hen are fed a growing and egg 
laying feed composition that includes grains and grain by-products, protein-producing 
seeds and meal made from them such as canola or soybean meal. Egg laying fowl such as 
chickens are fed an effective amount of other nutritional protein sources such as meat and 
bone meal vegetable fats and smaller levels of mineral and vitamin supplements. Other 
additives in chicken feed include enzymes and agriculturally acceptable antibiotics to 
prevent disease and digestive problems. A useful characteristic of the method described 

below is that it is compatible with conventional feed recipes. 
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In preparing a useful feed, it is desired to provide a uniform dispersion of an 
appropriate polycosanol wax homogeneously mixed into standard chicken feed. The 
polycosanol wax can be isolated from higher plants, such as rice bran, sugar cane and 
jojoba; animal species, such as beeswax; or marine organisms, such as orange roughly oil 
or zooplankton. For the most efficacious product, the wax is milled to a particle size of 
125-500 microns and mixed with feed in an appropriate blender to produce a uniform 
dispersion. 

In preparing another useful feed, the aliphatic long chain alcohols (polycosanols) 
are extracted from the above-referenced waxes using organic solvents, such as hexane, 
heptane or any other solvent that does not leave a toxic residue. Any common extraction 
procedure can be employed such as that described in, but not limited to, U.S. Patent 
6,225,354. Alternatively, the aliphatic long chain alcohols can be extracted with organic 
solvent after the wax is saponified by a procedure described in, but not limited to U.S. 
Patents 5,633,156 and 5,856,316. For the most efficacious product, the solid aliphatic long 
chain alcohols isolated after solvent removal are milled to a particle size of 125-500 
microns and blended with feed in an appropriate blender to produce a uniform feed mix. 

In preparing another useful feed, a wax or its extracted aliphatic long chain alcohols 
are ground to a small particle size and dispersed with heating throughout a suitable oil, 
such as that from rapeseed, sunflower, canola, corn, cotton or any other suitable food grade 
oil. Alternatively, a suitable food-compatible organic solvent such as ethanol or methanol 
is used. With rapid mixing, the fortified oil or fortified ethanol solution is sprayed onto the 
chicken feed to produce a uniform mix. 

In preparing another useful feed, it is desired to provide an aqueous homogeneous 

micellar mix of a phospholipid, plant sterol, and either the wax referenced above or the 
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aliphatic long chain alcohols isolated from that wax. The preferred phospholipid is lecithin 
and its derivatives such as lysolecithin prepared by the action of phospholipase A 2 on soy 
lecithin. All of these compounds are commercially available from conventional food 
suppliers, such as Central Soya, Inc. (1946 West Cook Road, Fort Wayne, Indiana, 46801) 
5 and Archer Daniels Midland (4666 Faries Parkway, Decatur, Illinois, 62525). Other 
sources of lecithin can also be used, such as that from egg yolk. 

Plant sterols useful herein are derived from soybeans, as a by-product of soybean oil 
production, but other plant sources can be used, such as but not limited to cottonseed, corn 
oil, olive oil, and rice bran. Soy sterols that are typically found in this commercial 
10 preparation consist of campesterol, sitosterol, stigmasterol plus small amounts of other 
compounds of similar structure. Plant stanols are not as abundant in nature but they can be 
easily made from plant sterols by catalytic hydrogenation of soy sterols and subsequent re- 
crystallization. Soy stanols typically contain sitostanol and campestanol, but there are 
other compounds of similar structure present. Once again, other plant sources can be used 
15 as the starting material for hydrogenation, such as but not limited to cottonseed, corn oil, 
olive oil, and rice bran. 

The wax-containing feeds or aliphatic long chain alcohols-containing feeds are fed 
to the egg laying fowl by providing an effective amount of a food in a trough, a food tray or 
other mechanical means accessible to the egg laying fowl. Water is provided by a watering 
20 trough or conventional watering means. In an embodiment of this invention, a water- 
dispersible or emulsion formulation comprising the wax or aliphatic long chain alcohols is 
effectively provided to an egg laying fowl by mixing an effective amount of the additive in 
drinking water supplied to the egg laying fowl. The egg laying fowl drinks the water 
containing the formulated wax or aliphatic long chain alcohols. An effective amount is 
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that amount which brings about the benefits of the invention, i.e. lowering of egg 
cholesterol. Generally amounts within the range of 0.01 mg/kg bodyweight/day to 1 mg/kg 
bodyweight/day and preferably 0.05mg/kg bodyweight/day to 0.5 mg/kg bodyweight/day 
can be used. 

The following example is offered to further illustrate this invention but not limit the 
invention in any way or manner. 

EXAMPLE 1: 

Preparation of Feed Containing Polycosanol or Polycosanol-Containing Wax 

Free polycosanol or a polycosanol-containing wax derived from a suitable plant, 
animal or marine source consisting of long chain (C 20 or greater) aliphatic alcohols is 
milled to a particle size of 125-500 microns and thoroughly mixed in feed at a level to 
produce the desired cholesterol effect, namely a reduction in the egg cholesterol content. 

To avoid the milling step, an alternative method can be employed. Polycosanol or a 
polycosanol-containing wax derived from a suitable plant, animal or marine source 
consisting of long chain (C 20 or greater) aliphatic alcohols is added to a boiling organic 
solvent, such as hexane, heptane or ethyl acetate. Solid formulated polycosanol or a 
polycosanol-containing wax can then be isolated by removing the organic solvent under a 
stream of hot gas as described elsewhere (U.S. Patent 4,508,703). This pulverulant solid is 
then added directly to animal feed at a level that produces the desired effect, namely the 
reduction of egg cholesterol content. 
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EXAMPLE 2: 

Preparation of Feed Containing Formulated Polycosanol or Polycosanol- 
Containing Wax: Aqueous Method 

Polycosanol or a polycosanol-containing wax derived from a suitable plant, animal 
or marine source consisting of long chain (C 20 or greater) aliphatic alcohols is added to a 
boiling organic solvent, such as hexane, heptane or ethyl acetate. After filtering off any 
insoluble material from the boiling solution, plant sterols, preferably from soy, are added at 
a weight ratio of 0.1 to 5.0. When the entire solid is dissolved, lecithin from soy or egg 
yolk or one of its derivatives, is added to the boiling mixture at a weight ratio of lecithin to 
the other two components that varies from 0.45 to 100.0. The organic solvent is removed 
with heating under a stream of nitrogen gas to produce a waxy solid that is subjected to a 
high vacuum to remove trace amounts of solvent. Water is then added to soften the solid 
and the temperature is raised and maintained at 80° C for at least twenty minutes. After 
vigorous stirring, blending or homogenization the creamy mixture is then dried by 
conventional means, such as spray drying or lyophilization. To aid in drying the mixture, 
starch or any other compatible drying aid is added such that its weight is about equal to that 
of the other solid components. The dried solid is then added to feed at a level that 
produces the desired effect, namely a reduction in the egg cholesterol content. In another 
embodiment, the dried solid can be added to water and thoroughly mixed to create a 
suspension that can be consumed as part of the laying hen's daily drinking water. 
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EXAMPLE 3: 

Preparation of Feed Containing Formulated Polycosanol or Polycosanol. 
Containing Wax: Organic Solvent Method 

Polycosanol or a polycosanol-containing wax derived from a suitable plant, animal 
5 or marine source consisting of long chain (C 20 or greater) aliphatic alcohols is added to a 
boiling organic solvent, such as hexane, heptane or ethyl acetate. After filtering off any 
insoluble material from the boiling solution, plant sterols, preferably from soy, are added at 
a weight ratio of 0.1 to 5.0. When the entire solid is dissolved, lecithin from soy or egg 
yolk or one of its derivatives, is added to the boiling mixture at a weight ratio of lecithin to 
10 the other two components that varies from 0.45 to 100.0. Solid formulated polycosanol or 
a polycosanol-containing wax can then be isolated by removing the organic solvent under a 
stream of hot gas as described elsewhere (U.S. Patent 4,508,703). This pulverulant solid is 
then added directly to animal feed at a level that produces the desired effect, namely the 
reduction of egg cholesterol content. Alternatively, the solid can be dispersed in water and 
15 thoroughly mixed to create a suspension that can be consumed as part of the laying hen's 
daily drinking water. 

EXAMPLE 4: 

Preparation of Feed Containing Formulated Polycosanol or Polycosanol. 
Containing Wax: Oil Method 

20 The various solids described in Examples 1-3 can be dispersed in hot vegetable oils, 

including all those that are used in human food products, such as but not limited to canola 
oil, rapeseed oil, sunflower oil, safflower oil, corn oil or olive oil. The dispersed 
polycosanol or polycosanol-containing wax can then be sprayed on feed at a level to 
produce the desired effect, namely a reduction in the egg cholesterol content. 
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While the invention has been described in terms of various specific embodiments, 
those skilled in the art will recognize that the invention can be practiced with 
modifications, all intended to be within the spirit and scope of the appended claims. 
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